Abbreviations: BaP, benzo [a]pyrene; BaP diol epoxide, (±) 7S,8a-dihydroxy-9a,l0a-epoxy-7,8,9,10·· tetrahydrobenzo[a] and exocyclic amino groups of the respective purines.
indicates that these products are covalent adducts of deoxyguanosine, deoxyadenosine, and deoxycytidine. The deoxyguanosine and deoxyadenosine adducts involve binding between the activated hydrocarbon (BaP diol epoxide) and exocyclic amino groups of the respective purines.
-.. (1, 2) . It is widely acc~pted that these covalent interactions with cellular macromolecules, particula1·ly DNA, are an essential initial step in the process of carcinogenesis (3, 4) .
Recent work has implicated 7S,8a-dihydroxy-9a,lO,a-epoxy-7,8,9,10..,tetrahydrobenzo[n]pyren.e (BaP diol epoxide, Structure I) as the molecular species responsible for binding to nucleic acids in vivo (5-7). Weinstein and co-workers have shown that the major RNA adduct found in cell culture is identical to the product obtained by reacting BaP diol epoxide with poly(G), and involves a covalent bond between C-10 of the hydrocarbon and the N 2 exocyclic amino group of guanine (8, 9) . A similar structure has been reported for reaction of the isomeric diol epoxide, 7B,8a-dihydroxy-9S,l0B-epoxy-7,8,9,10··tetrahydrobenzo[a]pyrene, with poly(G) (10) . The structures of the products obtained in the reaction between BaP dial epoxide and DNA have not been reported, primarily because only microgram quantities of such adducts can be readily isolated from the analogous reaction with DNA.
We have isolated 7 distinct products from the reaction of BaP diol epoxide with calf thymus DNA, and by the use of high sensitivity, ,high resol udon mass spectrometry (HRMS) the structures of !th.ese. products were . . determined. The results show that adducts are formed between BaP diol epoxide and the bases guanine, adenine, and cytosine, and involve reactions with the exocyclic amino group of guanine and adenine. -4- 
MATERIALS AND METHODS
Adduct Formation and Isolation. Formation of microsomal enzymeactivated BaP-DNA adducts has been described (11) . Racemic BaP dial epoxide was synthesized according to the procedure of ~1cCaustland and Engel (12) . Diol epoxide (12 nmol per mg DNA) in 100 ~l DMSO was added to a solution of 100 mg calf thymus D~A (Sigma Chemical Co.) in 100 ml 0.01 M phosphate buffer, pH 7.2 at 37°C. After 24 hr, unbound BaP dial epoxide and its hydrolysis products were removed by ethyl acetate extraction. The DNA was then precipitated with ethanol and the precipitate heated to remove intercalated material. The DNA was enzymatically Trimethylsilyl ether derivatives were made by reacting the dried sample with an excess of trimethylsilylimidazole (Pierce Chemical Co.)
-5-for 2-3 hr at 100°C, according to the procedure of Axelson and Sj5val~ {14).
High Resolution Nass Spectrometry. Electron~· impact high resolution mass spectra were determined by direct probe using a modified Kratos-AEI MS-902 mass spectrometer operated on-line at r~1/LlM 10,000 in real-time employing a Xerox Sigma 7/LOGOS-II comp:1ter system (15, 16) . to be identical to that of permethyl-P7; permethyl-P3 ~'las identical to that / -of permethyl-PS; and permethyl-P4 was identical to permethyl-P2. All six spectra exhibit ions due to fragmentation of the hydrocarbon moiety corresponding to cleavage of the hydrocarbon-nucleoside bond (Table 1) , generating the trimethoxy-tetrahydrobenzo[a]pyrene moiety at m/q 345 (composition ..
RESULTS

Modification
• Figure 3) . A persilyl ether derivative of P5 was, therefore., prepared in order to obtain additional structural information. The composite nominal mass spectrum of pertrimethylsilyl-P5 is shown in Figure 4 . Table 3 lists the major ions observed for P5-TMS. The overall pattern is similar to In this case, however, a relatively low intensity ion corresponding to a nitrogen-containing BaP species is seen-at m/q 355 (c 23 H 21 oNSi, 0.2% relative intensity). This is consistent with alkylation on the N 2 exocyclic amino group, as was found for alkylation of poly(G) by BaP dial epoxide (9).
-10-
DISCUSSION
The results described in this study are consistent with independent labeling studies which identified P3 and P5 as being guanine adducts, P6 and P7 as adenine adducts, and P4 as probably being a cytosine adduct The BaP dial epoxide used in this study was racemic. Enzymatic formation of I is known to be highly stereoselective for a single enantiomer (17, 21, 22) and explains the fact that P2, P3, and P6 were not seen in the adducts obtained from DNA modified by microsome-activated BaP. P2, P3, and P6 \'Jould then correspond to diastereomers of P4, P5, and P7 (one enantiomer of BaP dial epoxide reacted with the enantiomeric deoxyribonucleoside) and each diastereomeric pair could be expected to give identical' electron impact spectra.
This explanation is supported by circular dichroism spectra of the adducts (unpublished data, this laboratory). The alternative explanation is :that ' .
multiple adducts can be formed by _cis or trans addition at C-10 of the hydrocarbon, but model studies suggest that trans addition predominates for BaP dial epoxide (17, 18) . It should be noted that several mi.nor peaks were occasion ally observed i~ the HPLC chromatogram of these DNA adducts (usually <1% of the reported species) and could be due to products formed by cis addition at C-10 or possibly other alkylation sites on the nucleoside bases.
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